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(54) HIGH OUTPUT OPTICAL AMPLIFIER 



(57) Abstract 

PURPOSE: To provide a high output optical amplifier 
which can provide a sufficiently high output even when 
an excitation beam source in the oscillation wavelength 
isolated from the center absorbing wavelength in the 
1 G 4 level of Pr is used. 

CONSTITUTION: A high power optical amplifier com- 
prises a signal source 6 which is a semiconductor laser 
of 1.3//m oscillation, optical isolators 7, 8, an excitation 
beam source 4 which generates an excitation beam 
of the wavelength isolated from the center absorbing 
wavelength of 1 G 4 level of Pr, optical couplers 2, 5, an 
optical splitter 10 for guiding the excitation beam from 
the excitation beam source 4 to the optical couplers 2, 
5 by splitting the beam into two directions, an optical 



fiber 3 tor amplification where Pr is doped to the core 
and an optical beam spectrum analyzer 9. Length of 
optical fiber 3 for amplification is set longer then the 
optimum length at the center absorbing wavelength so 
that sufficient gain can be obtained even with the wave- 
length of the excitation beam. 
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1 . This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL FIELD 
EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, according to this invention, it is possible to 
constitute Pr dope fiber amplifier (PDF A) which has output characteristics high enough, 
and the PDFA concerned can be used as booster amplifier in an optical transmission 
system. Especially, recently, it becomes cheaply possible to be cheap and to offer PDFA 
excellent in output characteristics and a noise property in this invention which can use 
this as the excitation light source of amplifier, since acquisition of the solid state laser of 
high power is easy, and big economic effects can be brought about. As main applicable 
fields, there is application with an optical cable television system, and if the high 
powered optical amplifier by this invention is applied, an unprecedented low cost optical 
cable television system can be offered. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is the signal processor which processes data through a bus, 
A data-processing means to process two or more data, 

A data control means to control two or more data transfers which are connected to said 

bus and supplied from said data-processing means 
j{ **** 

Said data control means controls said two or more data not to change except data 
predetermined in said two or more data On said bus. 
Signal processor. 
[Claim 2] 

Said data-processing means performs a program according to instruction code, 
Said data control means generates the 2nd address data based on the 1st address data 
directed through a bus from said data-processing means, 

Based on said 2nd address data, it has further an instruction code storage means to output 
said instruction code to a bus, 

Except when said 1st address data directed from said data-processing means are 
equivalent to predetermined instruction code in said instruction code storage means, they 
are not changed. 

A signal processor according to claim 1. 
[Claim 3] 

In said data control means, said 1st address data are serially changed at intervals of 
predetermined, and said 2nd address data are generated. 
A signal processor according to claim 2. 
[Claim 4] 



Said bus is the case where said two or more data are transmitted by each data unit 
including two or more propagation Rhine corresponding to each of two or more data, 
Said data control means controls two or more data supplied from said data-processing 
means based on a select signal, and outputs them to a bus. 

Two or more data outputted to said bus are not changed except the data chosen by said 
select signal. 

A signal processor according to claim 1 . 
[Claim 5] 

It is the signal-processing approach of processing data through a bus, 

Based on the 1 st address data directed through a bus, the 2nd address data are generated 

from the processor which performs a program according to instruction code, 

Based on said 2nd address data, said instruction code is outputted to a bus, 

Except when said 1 st address data which said processor directs are equivalent to 

predetermined instruction code, they are not changed. 

The signal-processing approach. 

[Claim 1] It is the high powered optical amplifier which uses as a magnification medium 
the optical fiber with which Pr was added by the core, is equipped with the excitation 
light source which generates the excitation light of the predetermined wavelength for 
exciting this magnification medium, and said excitation light source is the laser which 
used as the magnification medium the solid-state with which rare earth or transition 
metals was added, and is characterized by to set up the die length of said optical fiber 
based on the wavelength of said excitation light, and the magnification property of said 
magnification medium. 

[Claim 2] The high powered optical amplifier according to claim 1 characterized by 
setting up the die length of said optical fiber for a long time than optimal Cho of said 
optical fiber in said main absorption wavelength when the wavelength of said excitation 
light is separated from the main absorption wavelength of 1G4 level of Pr. 
[Claim 3] The magnification medium of said laser is a high powered optical amplifier 
according to claim 1 or 2 characterized by being the crystalline by which Nd was added. 
[Claim 4] claim 1 characterized by the magnification medium of said laser being a 
crystalline of the oxide which contains Y and aluminum as a cation thru/or 3 — a high 
powered optical amplifier given in either. 

v . [Claim 5] claim 1 characterized by said optical fiber coming to add Pr and Yb to a core 
thru/or 4 — a high powered optical amplifier given in either. 

[Claim 6] claim 1 to which, as for said optical fiber, a core diameter is characterized by 
changing along with the longitudinal direction thru/or 5 — a high powered optical 
amplifier given in either. 

[Claim 7] claim 1 characterized by adding Pr also in the clad of said optical fiber thru/or 
6 a high powered optical amplifier given in either. 

[Claim 8] claim 1 characterized by said excitation light source being the fiber laser which 
consists of the glass with which Nd or Yb was added by the core, or glass laser which 
uses as an activity medium the glass with which Nd or Yb was added thru/or 7 — a high 
powered optical amplifier given in either. 

[Claim 9] Said glass with which Nd or Yb was added is fluoride glass, phosphate glass, 
fluorophosphate glass, silica glass, silicate glass, a BOIN toga lath, and AlF3-ZrF4. High 



powered optical amplifier according to claim 8 characterized by being fluoride glass or a 
fluoride BERIREI toga lath. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the high powered optical amplifier for 

1.3 -micrometer bands which has high output characteristics. 

[0002] 

Pescription of the Prior Art] In recent years, the optical amplifier which uses as a 
magnification medium what added the praseodymium (Pr) to the core of an optical fiber, 
especially a fluoride fiber attracts attention as an optical amplifier for 1.3 -micrometer 
bands. When Pr is used as an active element, the optical amplification of 1 .3-micrometer 
band happens by the induced emission from 1G4 level to 3H5 level (refer to drawing 8 ). 
[0003] Generally, when using an optical amplifier in an optical transmission system, it 
divides roughly and there is two kinds of operation. The 1st operation applies an optical 
amplifier as booster amplifier. In this case, since an optical amplifier increases the output 
of the source of a lightwave signal and it is used, big signal output characteristics are 
required. The 2nd operation applies as pre amplifier which amplifies the decreased 
lightwave signal which was connected to the preceding paragraph of a photodetector and 
has spread the inside of an optical fiber with a low noise, The requirements over pre 
amplifier are amplifying a minute signal greatly with a low noise, and the optical 
amplifier which fulfills such requirements is used. 

[0004] In such operation, by the 1st approach, in order to acquire a big output signal 
(when using it as booster amplifier), an optical amplifier needs to excite the fiber with 
which Pr was added by optical high reinforcement. By the way, semiconductor laser (it is 
henceforth called LD) has been conventionally used for Pr addition fiber amplifier (it is 
henceforth called PDF A) as the excitation light source (bibliography 1 :M.Shimizu et al 
OFC / 1 00C93 postdeadline papers PD 1 2, 1 993 .). 
[0005] 

[Problem(s)~to be Solved by the Invention] However, in excitation by LD, excitation of 
about 3 00m W was a limitation at the maximum, and about 13dBm of the output of PDF A 
was a limitation. However, since 1 the output of about 17dBm was required for using as 
booster amplifier, the property of PDF A was inadequate for using as booster amplifier. 
[0006] By the way, ground state absorption of 1 G4 level of Pr has spread in the 
wavelength range ** 0.05 micrometers or more focusing on 1.017 micrometers. However, 
the absorption-of-light cross section decreases and excitation absorption-of-light 
effectiveness will worsen except main wavelength as it separates from 1.017 micrometers 
whose wavelength is main wavelength. Of course, if the high power small laser light 
source which has oscillation wavelength is in 1 .017 micrometers, PDFA for booster 
amplifier can be constituted using it. 

[0007] However, now, for such the light source, the attempt which makes the Nd: YLF 
(YLiF4) solid state laser which does not exist but has oscillation wavelength in 1 .047 
micrometers as a second best plan the excitation light source is ********** 
(bibliography 2 :T. Whitley et al OAA'92 postdeadline papers PD4, 1992.). It is reported 
that excitation luminous intensity required in order that excitation efficiency may worsen 
as compared with 1 .017-micrometer excitation in order to fall to 1 for about 2 minutes as 
compared with the case of 1 .01 7 micrometers, and an absorption cross section in case 



oscillation wavelength is 1.047 micrometers may take out high power from PDFA will 
increase (bibliography 2). 

[0008] Therefore, when Nd: YLF solid state laser is made into the excitation light source, 
the peripheral device for cooling the excitation light source is also needed, and the 
miniaturization of PDFA becomes difficult. For this reason, it has been accepted theory 
that that it is equipment of small and an energy-saving mold cannot apply as an object for 
optical communication demanded especially, as the small solid state laser from such a 
thing — Nd:YLF — a long wave - although Nd:YAG laser (oscillation wavelength is 
1.064 micrometers) oscillated by merit exists — oscillation wavelength — Nd:YLF laser ~ 
further — a long wave — since it shifts to merit, although oscillation effectiveness is better 
than Nd:YLF laser, it is thought that it cannot be used at all as the excitation light source 
of PDFA. 

[0009] As mentioned above, when the excitation light source of oscillation wavelength 
which the excitation light source of the oscillation wavelength which fully approached 
the main absorption wavelength (1.017 micrometers) of 1G4 level did not exist in the 
former, and is separated from the main absorption wavelength concerned was used, it was 
difficult to increase excitation luminous intensity, in order to obtain an output high 
enough, and to miniaturize PDFA. In view of the situation mentioned above, it succeeds 
in this invention, and even if it uses the excitation light source of oscillation wavelength 
which is separated from the main absorption wavelength (1.017 micrometers) of 1G4 
level, it aims at offering the high powered optical amplifier which can obtain an output 
high enough, especially PDFA. 
[0010] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
problem, a high powered optical amplifier according to claim 1 Use as a magnification 
medium the optical fiber with which Pr was added by the core, and it has the excitation 
light source which generates the excitation light of the predetermined wavelength for 
exciting this magnification medium. Said excitation light source is the laser which used 
as the magnification medium the solid-state with which rare earth or transition metals 
was added, and it is characterized by setting up the die length of said optical fiber based 
on the wavelength of said excitation light, and the magnification property of said 
magnification medium. 

[001 1] In the above-mentioned configuration, the high powered optical amplifier 
according to claim 2 is characterized by setting up the die length of said optical fiber for a 
long time than optimal Cho of said optical fiber in said main absorption wavelength, 
when the wavelength of said excitation light is separated from the main absorption 
wavelength of 1G4 level of Pr. The high powered optical amplifier according to claim 3 
is characterized by the magnification medium of said laser being a crystalline by which 
Nd was added in the above-mentioned configuration, a high powered optical amplifier 
according to claim 4 — claim 1 thru/or 3 — in the thing given in either, the magnification 
medium of said laser is characterized by being the crystalline of the oxide which contains 
Y N and aluminum as a cation. 

[0012] In the above-mentioned configuration, said optical fiber is characterized by 
coming to add Pr and Yb to a core by the high powered optical amplifier according to 
claim 5. The high powered optical amplifier according to claim 6 is characterized by 
changing the core diameter along with the longitudinal direction, as for said optical fiber 



in the above-mentioned configuration. The high powered optical amplifier according to 
claim 7 is characterized by adding Pr also in the clad of said optical fiber in the above- 
mentioned configuration. 

[0013] Said excitation light source is characterized by a high powered optical amplifier 
according to claim 8 being the fiber :laser which consists of the glass with which Nd or 
Yb was added by the core in the above-mentioned configuration, or glass laser which 
uses as an activity medium the glass with which Nd or Yb was added. Said glass with 
which, as for the high powered optical amplifier according to claim 9, Nd or Yb was 
added in the thing according to claim 8 is fluoride glass, phosphate glass, 
fluorophosphate glass, silica glass, silicate glass, a BOIN toga lath, and AlF3-ZrF4. It is 
characterized by being fluoride glass or a fluoride BERIREI toga lath. 
[0014] 

[Function] According to the above-mentioned configuration, the die length of an optical 
fiber is set up based on the wavelength of excitation light, and the magnification property 
of an optical fiber. Namely, also when exciting on the wavelength which is separated 
from the main absorption wavelength of 1 G4 level of Pr, it is not said remarkably that the 
gain from which the die length of an optical fiber is appropriately set up, and is obtained 
falls. For this reason, it becomes usable as the excitation light source about the existing 
cheap light source, and an output high even in such a case enough is obtained. 
[0015] 

[Example] Before explaining the example of this invention, the view used as the base of 
this invention is explained first. Generally, when incidence of the excitation light of 
predetermined wavelength is carried out to (Praseodymium Pr) addition fiber, the 
maximum signal output can be obtained from the fiber concerned by making the fiber 
concerned into predetermined die length (it being henceforth called optimal Cho). If, as 
for this, a fiber excels superfluously, since it has loss of finite, a fiber will be for the 
amplified signal light to decline in the part which does not receive the magnification in a 
fiber (for example, when a fiber longer than the die length when excitation light is 
altogether absorbed by a certain die length is used as optical amplification). 
[0016] Of course, although the above-mentioned optimal length is dependent on the 
concentration of Pr added to the core qf a fiber, when it is 1.017-micrometer excitation 
and the concentration of Pr is 500 ppm, he is about 15m-20m. However, as the fiber of 
die length of this level was mentioned above in the case where it considers as a 
magnification medium, the more excitation wavelength separates from 1.017 
micrometers, it becomes difficult to get and, the more the signal output outputted will 
decline gain. Since this situation is generally known widely, development of the high 
power laser with which oscillation wavelength agreed in 1 .017 micrometers which is 
main wavelength is performed conventionally. 

[001 7] However, when thinking on the other hand and it excites on wavelength other than 
main wavelength, gain falls, without all the power of the excitation light by which 
incidence was carried out by the absorption cross section of 1G4 level becoming small to 
the end of a fiber being absorbed by Pr in a fiber, because outgoing radiation, of a part of 
power is carried out from the other end of a fiber. Therefore, if a fiber is lengthened more, 
many excitation light by which incidence was carried out will be absorbed by Pr in a fiber, 
and gain should go up. 

[0018] That is, since choosing fiber length appropriately itself was not known also when 



exciting on 1.017 micrometers and the left wavelength conventionally, the fiber of the 
almost same die length as the case where it is 1.017 micrometers is used, and, thereby, it 
can be said that gain was falling remarkably. On the other hand, it enables it to constitute 
the optical amplifier of output characteristics high also as the excitation light source for 
the existing cheap light source from this invention by choosing fiber length according to 
excitation wavelength. The example of this invention in which it succeeded hereafter 
based on the fundamental view mentioned above is explained with reference to a drawing. 
[0019] The [1st example] Drawing 1 is drawing showing the outline configuration of the 
high powered optical amplifier by the 1st example of this invention, and in this drawing, 

6 is the signal light source and has applied the semiconductor laser of 1.3-micrometer 
oscillation in this example. An optical isolator and 4 are the excitation light sources, and 

7 and 8 have applied 20LD excitation Ti:aluminum3 (sapphire) laser by this example, for 
example, respectively. As for the optical splitter which 2 and 5 divide an optical coupler, 
and 10 divides the excitation light from the excitation light source 4 into two, and is led 
to optical couplers 2 and 5, and 3, the optical fiber for magnification and 9 are optical 
spectrum analyzers. 

[0020] In such a configuration, after the signal light from the signal light source 6 is led 
to the optical fiber 3 for magnification and amplified with the optical fiber 3 for 
magnification concerned through an optical isolator 7 and an optical coupler 2, it is led to 
the optical spectrum analyzer 9 through an optical coupler 5 and an optical isolator 8. by 
the way — this example — as the optical fiber 3 for magnification ~ ZrF4 with the core 
clad refractive-index difference of 3.7%, a core diameter [ of 1 .8 micrometers ], and a Pr 
concentration [ in a core ] of 1 000 ppm The system fluoride fiber (it is only henceforth 
called a fluoride fiber) is used. 

[0021] Here, with reference to drawing 2 , the output signal property of the optical fiber 3 
for magnification is considered. Drawing 2 is drawing in which having set excitation light ; 
reinforcement constant 400m W, having changed the die length and the excitation light 
wave length of the optical fiber 3 for magnification into, respectively, and having shown 
an example of the measurement result of gain to 1 .30-micrometer signal light. Sayori Cho 
predetermined in this drawing to fiber length ~ if it becomes long the same fiber length 
— 1 .017 micrometers ~ a long wave ~ it turns out that the direction of excitation of merit 
serves as high interest profit from 1 .017-micrometer excitation. 
[0022] For example, when fiber length is 10m, only about 20dB of directions of 1. 017- 
micrometer excitation serves as high interest profit from 1 .064-micrometer excitation, but 
when fiber length is 60m, only about 2dB of directions of 1 .064-micrometer excitation 
serves as high interest profit from 1. 017-micrometer excitation conversely. Moreover, the 
difference of the maximum gain in case fiber length is 20m, and gain when fiber length 
excites the 60m optical fiber 3 for magnification by 1.064 micrometers was set to 2dB or 
less, and things were checked when gain also with sufficiently big 1. 064-micrometer 
excitation could be acquired. 

[0023] Next, the case (fiber length is 20m) where the optical fiber 3 for magnification is 
excited by LD of 1 .0 1 7 micrometer oscillation and Nd of 1 .064 micrometer oscillation: 
Consider an excitation light dependency with a signal strength [ with the case (fiber 
length is 60m) where it excites by the YAG laser ] of 1.30 micrometers on the strength 
with reference to drawing 3 . In addition, the signal strength shown in this drawing is 
obtained when incidence of the signal with a reinforcement of lmW is carried out to the 



optical fiber 3 for magnification. 

[0024] Although it could excite only by the reinforcement of 300m W at the maximum in 
LD excitation but the maximum signal output was also about 22m W, when Nd: YAG 
laser was used, it could excite to the reinforcement of 800mW and the signal output of 
120mW was able to be obtained on that occasion, so that clearly from drawing 3 . 
Generally, when using PDF A as booster amplifier, the signal output of 50mW or more is 
required. Therefore, when Nd: YAG laser is used as the excitation light source 4, the high 
powered optical amplifier which can fully be equal to use as booster amplifier can be 
constituted. 

[0025] The [2nd example] Drawing 4 is drawing showing the outline configuration of the 
high powered optical amplifier by the 2nd example of this invention, and the high 
powered optical amplifier shown in this drawing connects two bidirectional excitation 
optical amplification units A and B to a serial through an optical isolator 11, and is 
constituted. In addition, in this drawing, the same sign is given to the part which is 
common to each part of drawing 1 , and that explanation is omitted. 
[0026] As shown in drawing 4 , the bidirectional excitation optical amplification unit A 
consists of optical couplers 2A and 5 A, the butt joint sections 14A and 14A, and optical 
fiber 3for magnification A that consists of a rare earth addition optical fiber. The 
excitation light source 4 is connected through optical splitter 10', the signal light source 6 
is connected to input edge 2Ab of another side through an optical isolator 7, and end 3 Aa 
of optical fiber 3 A for magnification by which rare earth elements were added through 
butt joint section 14A is further connected to one input edge 2Aa of the above-mentioned 
optical coupler 2A in outgoing end 2Ac at it. 

[0027] Moreover, other end 3Ab of optical fiber 3 A for magnification is connected to 
optical coupler 5a through butt joint section 14 A, and the optical isolator 1 1 is connected 
to outgoing end 5of optical coupler 5a a. That is, the bidirectional excitation optical 
amplification unit A outputs the magnification signal light which carries out incidence of 
the excitation light from the excitation light source 4 through optical splitter 10', optical 
coupler 2A, and optical fiber 3A and by which it is spread from optical fiber 3 A from 
outgoing end 5Aa. 

[0028] Like the bidirectional excitation optical amplification unit A mentioned above, the 
bidirectional excitation optical amplification unit B 1st optical coupler 2B into which the 
excitation light source 4 is connected to one input edge 2Ba, and signal light is inputted 
from input edge 2B[ of another side ] b, Optical fiber 3B for magnification by which the 
rare earth elements by which end 3Ba was connected to outgoing end 2Bc of this optical 
coupler 2B were added, It has optical coupler 5B which outputs the magnification signal 
light which is connected to this optical fiber 3B for magnification, and carries out 
incidence of the excitation light from the excitation light source 4 from other end 3Bb of 
optical fiber 3B, and is spread from optical fiber 3B from outgoing end 5Ba. 
. [0029] In addition, LD excitation Nd oscillated by 1.064 micrometers as the above- 
mentioned excitation light source 4 in this example: An YAG laser etc. is used. Moreover, 
in order that the above-mentioned optical coupler 2A may combine signal light and 
excitation light and may carry out incidence to optical filler 3 A for magnification, it is a 
thing. Furthermore, optical coupler 5 A, 2B, and 5B carry out bidirectional excitation of 
the optical fibers 3A or 3B for magnification, and especially optical coupler 5A and 2B 
are for introducing the signal light by which outgoing radiation was carried out from 



optical fiber 3for magnification A to optical fiber 3B for magnification. Moreover, optical 
coupler 5B is for outputting the magnification signal light from optical fiber 3for 
magnification B. 

[0030] In such a configuration, via optical coupler 5 A, an optical isolator 11, and optical 
coupler 2B, incidence of the signal light amplified by optical fiber 3 A for magnification 
will be carried out, and it will be amplified again here to optical fiber 3B. These people 
performed the magnification trial using the high powered optical amplifier of the 
configuration mentioned above and actuation. As optical fiber 3for magnification A of 
the high powered optical amplifier with which this trial was presented 60m and a core 
clad ratio refractive-index difference "deltan" for 1.6 micrometers and die length 3.7%, 
[ a core diameter ] 1000 ppm and a core presentation are the addition concentration of 
Pr3+ in a core ZrF4 (56)-BaF2-(16.5) LaF3-(3.5) YF3 (2)-AlF3-(2.5) LiF(7)-PbF2 (12.5- 
mol %), A clad presentation is ZrF4-(47.5) BaF2-(23.5) LaF3-(2.5) YF3. The fluoride 
fiber of (2)-AlF3(4.5)-NaF (20-mol %) was used. Moreover, the same thing as optical 
fiber 3A for magnification was used as optical fiber 3for magnification B. When 
'incidence of the 1.30-micrometer lightwave signal was carried out like the high powered 
optical amplifier by the 1st example mentioned above, output reinforcement was 
measured as a result of such a magnification trial, and excitation light was 800m W, the 
output of 120mW or more was obtained. 

[0031] The [3rd example] A different point from what the configuration of the high 
powered optical amplifier by tlie 3rd example of this invention depends on the 2nd 
example mentioned above is a point of having used Nd:YLF (oscillation wavelength: 
1 .053 micrometers), as the excitation light source 4 (refer to drawing 4 ). When the 
magnification experiment was conducted using the high powered optical amplifier by this 
example, the signal output of 120mW or more was obtained by 800mW excitation. 
[0032] The [4th example] A different point from what the configuration of the high 
powered optical amplifier by the 4th example of this invention depends on the 2nd 
example mentioned above is InF3 with 3.7% of core clad refractive-index differences, the 
core diameter of 2.2 micrometers, a die length [ of 60m ], and a Pr concentration [ in a 
core ] of 1000 ppm as optical fiber 3for magnification B. It is a point using a system 
fluoride fiber. When the magnification experiment was conducted using the high powered 
optical amplifier by this example, the signal output of 130mW or more was obtained by 
800mW excitation. 

[0033] The [5th example] A different point from what the configuration of the high 
powered optical amplifier by the 5th example of this invention depends on the 2nd 
example mentioned above sets the fiber length of the optical fibers 3A and 3B for 
magnification to 40m, respectively, and is a point using Yb: YAG (oscillation 
wavelength: 1.029 micrometers) as the excitation light source 4. When the magnification 
experiment was conducted using the high powered optical amplifier by this example, the 
signal output of 120mW or more was obtained by 700m W excitation. 
[0034] The [6th example] a different point from what the configuration of the high 
powered optical amplifier by the 6th example of this invention depends on the 2nd 
example mentioned above As optical fiber 3 for magnification A, 1.6 micrometers and die 
length for a core diameter 60m, The addition concentration of Pr3+ in a core 3.7% for a 
core clad ratio refractive-index difference "deltan" 1000 ppm, A core presentation is ZrF4. 
(56)-BaF2-(16.5) LaF3-(3.5) YF3 (2)-AlF3-(2.5) LiF(7)-PbF2 (12.5-mol %), A clad 



presentation is ZrF4-(47.5) BaF2-(23.5) LaF3-(2.5) YF3. The point using the fluoride 
fiber of (2)-AlF3-(4.5) NaF (20-mol %), As optical fiber 3for magnification B, 60m and a 
core clad ratio refractive-index difference "deltan" for 3 micrometers and die length 2%, 
[ a core diameter ] 1000 ppm and a core presentation are the addition concentration of 
Pr3+ in a core ZrF4 (56)-BaF2 (21)-LaF3-(3.5) YF3 (2)-AlF3-(2.5) LiF(7)-PbF2 (eight- 
mol %), A clad presentation is ZrF4-(47.5) BaF2-(23.5) LaF3-(2.5) YF3. It is a point 
using the fluoride fiber of (2)-AlF3-(4.5) NaF (20-mol %). That is, the refractive-index 
difference of optical fiber 3 A for magnification of the bidirectional optical amplification 
unit A located in the upstream serves as size from the refractive-index difference of 
optical fiber 3B for magnification of the bidirectional optical amplification unit B located 
in the downstream. When the magnification experiment was conducted using the high 
powered optical amplifier by this example, the signal output of 120mW or more was 
obtained by 800mW excitation. 

[0035] The [7th example] The point that the high powered optical amplifier by the 7th 
example of this invention differs from what is depended on the 1st example (refer to 
drawing 1 ) is a point using the optical fiber which made smallness core diameter W of 
the end of the core 13 in a clad 12, and made core diameter W of the other end size as an 
optical fiber 3 for magnification, as shown in drawing 5 . That is, the core diameter of the 
optical fiber 3 for magnification is gradually changed along with the longitudinal 
direction, and the optical fiber 3 for magnification consists of input sides of signal light 
so that a core diameter may serve as size gradually towards the output side of signal light, 
taking the configuration mentioned above ~ the core diameter of the optical fiber 3 for 
magnification ~ smallness ~ big gain obtains in a field (upstream of the signal light to 
spread) ~ having - a core diameter ~ size ~ high saturation power is realized in a field 
(downstream of the signal light to spread). 

[0036] The magnification experiment was conducted like the 1st example using the high 
powered optical amplifier by this example. However, the optical fiber 3 for magnification 
of the high powered optical amplifier with which this magnification trial was presented A 
core glass presentation is ZrF4. (56)-BaF2-(16.5) LaF3-(3.5) YF3 (2)-AlF3-(2.5) LiF(7)- 
PbF2 (12.5-mol %), A clad glass presentation is ZrF4-(47.5) BaF2-(23.5) LaF3-(2.5) YF3. 
The fluoride fiber of (2)-AlF3-(4.5) NaF (20-mol %) was used. 

[0037] Moreover, in the core diameter of the end of an optical fiber, the core diameter of 
1.4 micrometers and the other end set addition concentration of Pr3+ in a core to 1000 
ppm for 2.2 micrometers and a core clad ratio refractive-index difference "deltan" 3.7%. 
of course, a core diameter - smallness - the optical fiber edge was connected to the 
optical coupler 2, and the other end was connected to the optical coupler 5. Moreover, the 
wavelength of th^ excitation light source is 1.064 micrometers, and signal light wave 
length could be 1.30 micrometers. When excitation light reinforcement was 800mW as a 
result of the above-mentioned magnification trial, the output signal 120mW or more was 
checked from the optical fiber 3 for magnification. 

[0038] [the 8th example] — a different point from what the configuration of the high 
powered optical amplifier by the 8th example of this invention depends on the 2nd 
example mentioned above - the optical fibers 3 A and 3B for magnification - it is the 
point wbich added 1000 ppm of Pr to each core, and added 300 ppm of Pr also to the clad. 
However, the presentation of those other than Pr is the same as that of what is depended 
on the 2nd example. When the magnification experiment was conducted using the high 



powered optical amplifier by this example, the signal output of 120mW or more was 
obtained by 800mW excitation, however, the above-mentioned magnification experiment 
— setting — the optical fibers 3 A and 3B for magnification — each fiber length was set to 
50m. 

[0039] The [9th example] a different point from what the configuration of the high 
powered optical amplifier by the 9th example of this invention depends on the 1st 
example mentioned above ZrF4 by which Nd was doped by the core as the excitation 
light source 4 (refer to drawing 1 ) The point using system fluoride fiber laser (oscillation 
wavelength is 1.05 micrometers), As the excitation light source of this fiber laser, 
GaAlAs semiconductor laser is used and it is 4F7/2, and 4F5/2. Or 4F3/2 It is the point 
which excited level. In the high powered optical amplifier by this example, when 
wavelength carried out incidence of 1.30 micrometers and the signal light of OdBm and 
measured output signal reinforcement, the output signal 120mW or more has been 
checked to 800mW excitation (wavelength of 1.05 micrometers). 
[0040] In addition, the fluorophosphate glass fiber with which Nd was doped by the core 
as the excitation light source 4 (oscillation wavelength of 1.05 micrometers), Phosphoric- 
acid glass fiber (oscillation wavelength of 1.053 micrometers), silicate glass fiber 
(oscillation wavelength of 1.06 micrometers), A silica glass fiber (oscillation Wavelength 
of 1.06 micrometers), borate glass fiber (oscillation wavelength of 1.06 micrometers), A 
fluoride BERIREI toga lath fiber (oscillation wavelength of 1.047 micrometers), and 
AlF3-ZrF4 System fluoride glass fiber (the oscillation wavelength of 1 .05 micrometers) 
Bibliography 3: Even when Materials Science Forum, Vol. 19-20, P. 19, and 1987. were 
used, the signal output of 120mW or more was able to be obtained on the wavelength of 
1.30 micrometers. 

[0041] Moreover, in this example, although Nd dope fiber laser was used, it is not that it 
may replace with this and Nd dope glass laser using each glass may be used as the 
excitation light source, either, until it says. 4F7/2, and 4F5/2 which are used in order to 
excite Nd when these fiber laser and glass laser are used Or 4F3/2 The bandwidth of 
absorption bands, such as level, also produces the advantage of it being large and being 
easy to choose excitation wavelength out of a crystal. 

[0042] The [10th example] A different point from what the configuration of the high 
powered optical amplifier by the 10th example of this invention depends on the 9th 
example mentioned above is a point using the fiber laser by the so-called double clad 
fiber which has structure as shown in drawing 6 (a), drawing 6 (b) or drawing 7 (a), and 
drawing 7 (b) as the excitation light source 4 (refer to drawing 1 ). When the 
magnification experiment was conducted using the high powered optical amplifier by this 
example, the signal output of lOOmW or more was able to be obtained on the wavelength 
of 1.30 micrometers. 

[0043] The [1 1th example] A different point from what the configuration of the high 
powered optical amplifier by the 1 1th example of this invention depends on the 9th and 
10th examples mentioned above is a point using what doped Nd and Yb as the excitation 
light source 4 (refer to drawing 1 ) as the fiber laser of the 9th and 10th examples, or 
activity ion of glass laser. As the excitation light source of such laser, GaAlAs 
semiconductor laser is used and, thereby, it is 4F7/2 of Nd, and 4F5/2. Or 4F3/2 level is 
excited. If it succeeds in the above-mentioned excitation, the energy transfer from Nd to 
Yb happens, and it is Yb. 2F5/2 level is excited, and laser oscillation with a wavelength 



[ by 2F5/2 ->2F7/2 transition of Yb ] of 1.02 micrometers is started. As a result of 
actually exciting Pr dope fiber (optical fiber 3 for magnification) by this laser beam, the 
signal output of lOOmW or more was obtained on the wavelength of 1.30 micrometers. 
[0044] The [12th example] A different point from what the configuration of the high 
powered optical amplifier by the 12th example of this invention depends on the 1 1th 
example mentioned above is a point of exciting 2F5/2 level of Yb, using InGaAs 
semiconductor laser (wavelength of 940-980nm) as the excitation light source of the fiber 
laser of the 1 1th example, or glass laser, and making 1 .02-micrometer oscillation by 
2F5/2 ->2F7/2 transition of Yb causing. As a result of actually exciting Pr dope fiber by 
this laser beam, the signal output of lOOmW or more was able to be obtained on the 
wavelength of 1 .30 micrometers. 

[0045] In each example explained above, as for the solid state laser for excitatiqn, **** is 
not restricted to these by making into the excitation light source the solid state laser of 
LD excitation which used Nd:YAG (1.064 micrometers), Nd:YLF (1.053 micrometers), 
and Yb:YAG (1.029 micrometers). For example, the Nd:YLF solid state laser of 1.047- 
micrometer oscillation is sufficient, and it is that by which oscillation wavelength is 
contained in the absorption band of 3H4 ->1G4 absorption transition of Pr3+, and if high 
power, it is usable as the excitation light source. Of course, an example is taken from the 
economical efficiency of amplifier and it cannot be overemphasized that what has 
quantum efficiency high as much as possible is desirable. In what has high quantum 
efficiency, since calorific value is reduced, this is because the heat dissipation means at 
the time of constituting amplifier etc. can be made simple. 
[0046] In addition, it sets in each above-mentioned example, and is ZrF4 as a fiber 
material. A system and InF3 Although the fluoride glass of a system was used, as a 
material, it is not limited to this, for example, Hf4 ZrF(s)4, such as fluoride glass of a 
system, mix TOHARA which uses fluoride glass other than a system, chloride glass, 
iodide glass, bromide glass, and two or more halide ion as an anion — the id you may 
be oxide glass, such as glass, chalcogenide glass, KARUKO halide glass containing 
halide ion, fluorophosphate glass, and quartz glass. Moreover, although the fiber with 
which only Pr was added by the core was used as an optical fiber for magnification, it 
cannot be overemphasized that Pr and Yb can also use the fiber both added! 
[0047] 

[Effect of the Invention] As explained above, according to this invention, it is possible to 
constitute Pr dope fiber amplifier (PDF A) which has output characteristics high enough, 
and the PDFA concerned can be used as booster amplifier in an optical transmission 
system. Especially, recently, it becomes cheaply possible to be cheap and to offer PDFA 
excellent in output characteristics and a noise property in this invention which can use 
this as the excitation light source of amplifier, since acquisition of the solid state laser of 
high power is easy, and big economic effects can be brought about. As main applicable 
fields, there is application with an optical cable television system, and if the high 
powered optical amplifier by this invention is applied, an unprecedented low cost optical 
cable television system can be offered. 

Brief Description of the Drawings] ' 

[Drawing 1] It is drawing showing the outline configuration of the high powered optical 

amplifier by the 1st example of this invention. 



[Drawing 21 It is , the property Fig. showing the magnification property of the optical fiber 

3 for magnification by this example. 

[Drawing 3] It is the property Fig. showing the excitation light dependency of the signal 
light obtained in this example on the strength. 

[Drawing 4] It is drawing showing the outline configuration of the high powered optical 
amplifier by the 2nd example of this invention. 

[Drawing 5] It is a conceptual diagram for explaining the structure of the optical fiber 3 
for magnification used for the high powered optical amplifier by the 7th example of this 
invention. 

[Drawing 6] It is drawing for explaining the structure of the fiber part of the fiber laser 
used for the high powered optical amplifier by the 10th example of this invention, and the 
conceptual diagram to which (a) expresses the cross-section structure of this fiber, and (b) 
are the property Figs, showing the refractive-index distribution in this cross section. 
[Drawing 71 It is drawing for explaining the structure of the fiber part of the fiber laser 
used for the high powered optical amplifier by the 10th example of this invention, and the 
conceptual diagram to which (a) expresses the cross-section structure of this fiber, and (b) 
are the property Figs, showing the refractive-index distribution in this cross section. 
[Drawing 81 It is the energy diagram of Pr3+. v 
[Description of Notations] 

2, 2A, 2B Optical coupler 

3, 3A, 3B Optical fiber for magnification 

4 Excitation Light Source 
6 Signal Light Source 
7,8, 11 Optical isolator 

9 Optical Spectrum Analyzer 

10 TO' Optical splitter 

12 Clad 

13 Core 

14A, 14B Butt joint section 

A, B Bidirectional excitation optical amplification unit 
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